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PREFACE. |
]
This report documents an air-to-ground gunnery model accamplished '
during the period Hovember 1975 to July 1976 at the Air Force Armament
Laboratory, Armament Development and Test Center, Lglin Air Force Base,
Florida. The work was in support of JON 2543-01-10.
The original version of this program was developed by the Operations
Evaluation Group, Center for Naval Analyses, Washington, D.C., in August
1969 (Reference 1). Since this time, the program has been extensively
modified and updated to include the most moderm techniques available.
This technical report has been reviewed and is aporoved for i
publication. T
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SECTION I
INTRODUCTION

This 1s a computer program which simuilates air-to-ground gun
effectiveness agalnst a statlonary target. The impact points of
the individual rounds are correlated, and a Monte Carlo method is
required to determine the probabllity of hitting a rectangular target
wlith one or more rounds in a single burst. The model assumes that
gunery is a statlonary Markov process and that the alming and
ballistic dispersions are independent in the range (along the flight
path of the aircraft) and deflection (normal to the flight path in
the horizontal plane) coordinates. The guns are assumed to be fixed
(a5 opposed to guns turreted). The strafing aircraft flies at a
constant alrspeed and dive angle from a specificd slant range.
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SECTION II

GENERAL DESCRIPTICH

This is a Monte Carlo simulation program which determines the proba-
bility of killing a ground target from an eircraft equipped with a
machine gun firing a single burst of N rounds. The individual almpoints
cannot be specified in advance; therefore, the program assumes that
successive aimpoints are correlated (Reference 2). The almpoints are
normally distributed about the center of the target. The program further
assumes that ballistic dispersion is present. Thus, the 1*h round tmpacts
not at its aimpoint but at some point nearby.

T™e target assumed in the program is the rectanguiar projection of
the real target on the plane normal to the line of flicht of the attack-
ing aircraft. Distances are measured with respect to a range-deflection
(R, D) coordinate system. The origin is located at the center of the
target, and the coordinate axes are parallel to the sides of the target
(Figwes 1 and 2). In real life the target will seldom or never be
recta~gular in shape, but the projected target can always be approximated
by a rectangle. The target length, &, is measured in the range directlon,
and width, w, in the deflection direction. The slant range is denoted
by s, ¢ is the aircraft speed, and R 1s firing rate in rounds per minute.
The slant range decreases for each successive round fived, thus increasing
the apparent size of the t rget and causing a correspcnding increase 1n
hit probability. In addition to the above, the program inputs include the
masdmum nurber of rounds per pass (FN), the number of Monte Carlo itera-
tions to be made (F), the burst length print increment (DN), the maximum
standard deviation of the mean (E), the probability that the gun Jams

(PJAM), the number of gun systems (GUNS), and a time-to-rate table for
a Gatling gun effect.

To determine aimpoint error, lev (Ry, D1) be the almpoint of the ith
round, and let (ry, d4) be the point at which the round irmpacts. Further,
let s4 be the slant range at the instant the 1*h round is fired. Then
from Figure 2 1t can be seen Ry = s4of and Dy = siBi; cxpressing the angles
in mils, Ry =0.001 siai; and Dy = 0.001 s4B1{. The prugram uses the two
angles aj and 84 rather than Ry and Di. These angles are computed by
erploying a random nurber generator. The angle of is & random normal
variable with mean zero and standard deviation gy, and B1 is a random normal
variable with a mean zero and standard deviation og. Bsllistic dispersion

1s cetermined similarly. Two angles yi and 63 are deflned so that (ry - Ry
=0 001 SiYi) and (44 - Dg) =0.001 s184. The angle vy 1s a normally
diccributed random variable with mean zero and standard deviation o.;

84 1s a normally distributed random variable with mean zero and sta;gdard

The range compcnent of error 1is considered to be independent

deviation 0§
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of the deflection component. Also, for all i, J EEJ,

Eoyay) = all - Jlo;
and
E(8,8,) = ult - J'og

These two relationships characterize the programs correlation feature.

The numbers a and b are Inputs that determine the correlation between
aimpoints. The correlation in range between consecutlive almpoints 1is
glven by a, and b 1is the cor'rel%t‘lion deflection, The correlation in

range between the %th a.?d the 31 aimpoint 1s all = J| and the correlation
in deflection 1s b/l = Ji. If a=b =1, then Ry = Ry and Dy = Dy for

all 1, 3 =¥. This occurs in the salvo model where every round has the
same aimpoint. If a =b = 0, every almpolnt 1s independent of every

other almpoint. The gereral case will be when a and b 1le between C and 1.
It should be noted that if |1 - J| becomes large,

a|1_'j!+0andb|1"j|*0

and the correlation camps outl.

The correlation coefficlent in range 1s a, and b is in deflection.
™ese values can be inprut into the program if they are knovn. If the
correlation coefficients are not known for the particular gun system

being analyzed, the program will calculate them based cn the following
egquatlons:

e "L g2

and

A
e -0.25T

b= -5.35T°

where T 1s time in seconds between rounds.

In the computaticn of the target kill probabllities, each iteration
of the Monte Carlo process represents one pass at the tarpet. The
attacking aircraft commences firing at the start of every pass and con-
tinues until one of the following occurs: (1) a killing hit has been
scored, (2) the gun jams, or (3) N rounds have been fired. When a gun
Jams, the number of guns 1n the system 1s reduced by one. Therefore,

e e e
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there is a corresponding reduction in rate of fire. If a Jam occurs,
the firing loop 1s exited and a miss is recorded for calculation
purposes. Each round has a conditional kill probability (Pyx). This is
the probabllity that a hit kills and it has the same value for every
round in the burst if only one conditional kill value 1s input. A con-
ditional kill value can be input for the beginning of the firing run and
one st the end. If thls option 1s elected, the program will do a linear
interpolation between the beginning and end conditional kill values for
each round based on time Into the burst. The program computes an ainpoint
and a point of impact for each round and assesses damage by testing to
see whether the round hit the target and if so whether the hit resulted
in a kill.

The final probability of kill is set equal to the number of
successful passes divided by the total number of passes.
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SECTION ITI
MATHEMATTICAL PROCEDU/RES

The final solution 1s obtalned as shown in the flow chart and
the following mathematical procedures. Before starting the fi st
iteration for the first data set dumy passes are made through the
random nurber generator.

For each Monte Carlo iteration there is glven the standard devia-
tion of the aim error (oRr, op) and the aimpoint of the (n - l)st round.
There are alsc two Gausslan-distributed (mean = 0, standard deviation
= 1) random numbers (a, y) selected, and the almpoint of the nth roung
(Rn, Dn) is determined by the following relations:

for the first round (n = 1), then

Ry = opm (1)
Dl = ODY]. (2)
 a 2.\ %

' ® Ry + 0R(1-a%) o (3)

2.0
D, = b0y + op(1-DT) " vy s (1)

where a and b are the correlation coefficlents in range and deflection
axéré Ry and Dn are the respective range and deflection almpoints for the
nth round.

Equation (3) may be rewritten sc that

n 1
n-1 2.V n-1
R, = o & 1oy + (1-a%)" L a" g (5)
1=2
and Equation (4) may be rewritten as
¥ 1
Y = 1
D, = op bn‘lel + (1—h2) 'Y p By (6)
L i=2 J

) R 2, 0 L il e s
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Then it can be seen from Equations (5) and (6) that

E(R,) = E(D,) = 0 (1)
E(R ) = op? - (8)
E(D. %) = o (9)
ERR ) = or2a I™7 (10)
ED D) = o, ™! (11)

Therefore we have a process where each aimpoint is normally distributed
with mean zero and standard deviation or, op. We also have ﬁ process
where the correlation coefficient between the nth and the mtD round is
aln-m| 1n the range direction and bin—-m in deflection. When a and b
equal zerc or one the process degenerates into the independent or salvo
cases, respectively.

llext, the target size must be considered. The target dimension
(£, w) 1s glven with the firing rate (R), the alrcraft speed (C), and
the initial slant range (S). From these the half-target size (in mils)
1s determined for the instant at which the nth rourd 1is fired using
relations:

5004

128, = %0 (12)
S - (n=1)e(R™) (1.688)
1/2u, = 208y (13)

60
S = (n=1)e(R™) (1.688)

The almpoint for the nth rownd 1s then checked to determine if it is
within three standard deviations of the ballistic dispersion (Bg, Bp)
measured from the target center, or stated mathematically,

ekl L S |0, et el B | ol i
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|Bn| 21728 + 38R (14)
IDn] S1/2u, + 38p (15)

If the almpoint 1is not within three standard deviations of the ballistic
dispersion from the target in elther coordinate, it 1s assumed that the
round missed the target and the aimpoint for the (n + 1)st round is then
computed. If the aimpoint is within three standard deviations from the
target in both coordinates, a Gaussian-distributed random nurber (§) 1s
determined and checked to ascertain whether the round falls within the
limite of the target in the range coordinates.

IRy + BR| <L/2t (16)

If the round does not fall within the target 1limits a miss is assumed,
and the aimpoint for the (n + 1)st round 1s computed. However, if the
nth round does fall within the target limits in the range coordinates
another Gaussian-distributed random number (E) is selected and the
impact point of the round in the deflection coordinate is determined.
The following check is then made to see if the round hit the target.

{Dh + BpE| <1/2uy (17)

If the roun does not hit the target, the aimpoint for the (n + 1)st
round 18 Aet-mdned. But, 1f the nth round does hit the target, a
wniformly  “ributed (between 0 and 1) random number (PP) 1s selected
and compary  1th the conditional kill probability to determine if the
hit results in a target kill. 1If <PP, the weapon does not destroy
the target and the aimpoint for the (n + 1)st round is determined. But
1f Py 2PP, the nth weapon doee ki1l the target. The count (Np) of
the e Zarlo 1terations for which the target 1s destroyed is
increased ty one. Also, a counter (JJy) for the next highest multiple
(1) of the increment (AN) in the number of rounds for which the nroba-
b1lity is to be determined is increased by one.

Np 41Ny, JJqg 100

Yhen & round has resulted in & kill or when the maximum number of
rounds (N) has been fired without killing the target, the entire prccess
1s repeated until (F) Monte Carlo iterations have been conpleted.
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Finally, the estimated probability of destro t
N rounds is determined by: y ying the target with

M
PN =5 (16)

The probsbility of destroying the target with J rounds is detesmined by:

¥(J) zn; I
3= F o (19)

]

where

J = nal; nn[l, 2, e
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SECTION TV | %
PROGRAM UTILIZATION GUIDE
The utilization guide for the alr-to-surface gun simulation ccm- .
puter program 1s contained in this section. The program variables }
used are discussed with Input formats, limits, and unite specified for i

each.

Throughout the utilization discussion, variables which beglin with
the letters I, J, K, L, M, N are integer values and are right adjusted
in their specified fields with no decimal punched unless otherwise §
specified. The alphanumeric formats are designated in the description i
colum of the program set-up procedure. All other variables are in

decimal or real mode and may be punched anywhere in their columar fleld
with a decinal point.

This program has three different get-up procedures of which two will
acconplish the same end result. The third set-up is a plot option only.

The first set-up 1s a regular run with any number of cases desired,
end limited only by computer time. The second set-up shows the procedure
for gererating the input data when large parametric runs are needed.

The third set-up describes the inputs for the plot only portion of the
programs and should not be confused with the first two set-ups which also
produce plets as desired.

Figure 3 is a flow chart overview of the gun simulation program
with notes.

The regular computer set-up i8 very simple and straightforward
but the generate-the-input set-up can be very ambiguous and f.ustrating.
When the second option can be used it should yleld a 10 to 1 savings in
set-up time. The analyst should become familiar with this option in
order to batter utilize his tine on large parametric computer runs and
data requirement deadlines. It 1s hoped that the following flow chart
will further simplify the generate-the-input set-up.

TIMING

The program run time is based on a number of variables in the
program. It 1s not possible to figure the exact time required for
each run, When the analyst becomes familiar with the program 1t will

be easier to estimate the required run time based on the following =
equation:

FUN TIME = MCI ® N ® (NO, OF CASES) * .000159

10
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vwhere MCI is the number of Monte Carlo iterations
N 1s rnumber of rounds fired on each burst.

After calculating the estimated run time for a given set-up it is
recomended that more time be added to the job card if the run time
7 is not a Himting factor on the computer system.

INPUT/OUTFUT

—

Input end output are discussed in detail in Sections V, VI, and
* WI.

a——— o
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OVERLAY 0,0 NOTE: Main Cverlay Driver
1
: ITEST = 1| NOTE: When ITEST=1 it will be a
i regular run : :
E -——F——v - E
OVERLAY ] NOTE: Overlay 1,0 computes -
i 1,0 the results for the program
NOTE: This decislon determines 3
whether the data has to be :
generated or not. E
NOTE: This system sub-
routine prints out the
input and gererated data ]
READ .
NOTE: The first data card IPLOT, IOPT E
is read which contains the 160, NTS 3
program options. TPLOT
OUT ERROR 3
MESSAGE
NOTE: At this point if the
set up is a regular run it ]
! will begin computation .
PROGRAM
i COMPUTATION
'. Figure 3. Overview Flow Chart for Gun Simulation Program &
12
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NOTE: When ITEST=2 it
will be a generate the
input run

NOTE: Control has been
returred to the driver

RETURN TO
OVERLAY 0,0

(Overlay 0,0)

CALL OVERLAY
2,C

NOTE: Overlay 2,0 will
generate the input data

1

READ IN ALL

ATA NECESSARY
TO GENERATE
THE INPUT

NOTE: First read tape 5,
then tape U4

REWIND TAFE 4

WKITE THE
GENERATED
INPUT ON
TAPE 4

|

REWIND TAPE A4

RETURN TO
OVERLAY 0,0

NOTE: The decision here is
whether to execute the
generated input or not.
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SECTION V
FEGULAR COMPUTER RUN

SAMPLE PROBLEM

The effectiveness of a straflng tactic for a 150-krot alrcraft with
a firing rate of 4100 rounds per minute is to be analyzed. The pilot
commences firing at a slant range of 1000 feet and fires a single burst
of 120 rounds at an 11.74 x 11.74-foot target. The standard deviations
of aiming error are U4.24 mils in range and deflection, and the standard
deviations of ballistic dispersion are 1.39 mils in range and deflection.
The probabllity of kill given a hit for the first case 1s a three-round
mix with the ammunition belt having four rounds with a PHK of 0.012,
0.016, and two rounds with 0.020, 0.024 and one round with 0.006, 0.010.
There are two probability of kill values in each case. ‘The first value
i1s the probabllity of kill given a hit for the beginning of the burst,
anéd the second value is for the end of the burst. The computer does a
linear interpolation between these two values based on tire into the burst.

Table 1 cortains the description for setting up any regular computer
ru. Table 2 1s a sample set—up of the case described above. Table 3
is an output 1listing of the input data. Table U4 contains the final out-
put probability of kill for only two of the cases. The first case was
at 1000 feet slant range and 150 knots. The second case shown in Table U
was for 1000 feet slant range and 350 knots air speed. The second case
has been included to show the analyst what happens when the conditions
become unrealistic. Thls feature saves paper and computer time. Flgure
4 contains the probability of kill for the first six slant ranges. Card
2 in Table 1 Indicates the number of cases plotted on one graph.

The required time to run any glven set-up 1s described in Section IV.

14
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TABLE 1. DESCRIPTICN OF THE SET-UP FOR A REGULAR COMPUTER RUN

-~

Card Colums Varizble | Limits | Descrinticn Trite

. ——

DESCRIPTION OF T'T° SET-UP FOR A REGULAR OOWPUTR RU
. 1 1 IPLOT 0,1.2 ‘lo plots

Plot option has been tumed mn
Stand alone plot (see PLUT OILY SET-UM

N~ O
"won oo

' 2 10PT 0,1 0 Reqular computer run, lrave IGC blark
Data will be pencrated (see GIIMRATS

TVE INPUT SET-UP)

e vt B i bt i

(S
(1)

3 160 0,1 0 = Do not execute the gererated innut
data

' 1 = Execute the generated input data

: (see GEMERATL THE I'iPUT DATA SET-UP)

L 10— 0

' L-5 NTS 1-10 Number of burst lengths to be plotted
6-12 IPLOT(1) Time which burst lenfth should he nlotted decimal
13-19 IPLOT(2)

' 69-75 1PLOT(10) Tenth burst length time deciral
: NOTE: Carvl 1 is norcssary in the set-up even when all the ontions are
i 7orQ.
i 2 1-5 SLAIT 1-6 If IPLOT = 1, you must input the number
! of slant ranges to be plotted on one
rraph. If no plots_ar wanted, this card
rust be omitted from the cet-up.
3 1-60 TITWE 7itle or gereral information (alpha-
numeric data)
61-70 DIVE 290 Dive mwele - for identification oniv DG
4 1-2 XD 1 Aldress = 1 N
3-10 A >0, £1 Correlation coefficient in ranese bet’een
consecutive aimpoints. !
HOTE: A value for the correlation cocfficlent 1s computed l

: in the pro~ram for each round. This parameter should
be set to zero if JDI = 1 on carl 24,
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4 . TABLE 1. DESCRIPTION CF THE SET-UP FOR A REGULAR COMPUTER RUN (CONTINUED) e
13
3 Card Colums | Varisble Limits Description Inits
3 i 10 1-2 D(7) 7 Addrecs = 7 ,
v
s : 3-10 s Slant range at the beginning of feet %
L firing run. 3
P :
i 1-2 D(8) 8 Address = § 7
: Lo 3-10 R Piring rate of gun ‘i rounds per R :
minute. 3
=
! =
3 i 12 1-2 D{3} 9 Address = 9
£ N L.
f 3-12 c Alrcraft speed nots 5
¥ E
i
b 13 1-2 D(10) 10 Address = 10 2
4 3
t 3-10 N Nurber of rounds fired on a single deciral E
i pass per gun.
¥
: 1 1-2 D(11) 11 fddrecs = 11 b
f 3
t 3-10 NTYFE 1,2,3 Hunber of tyres of mixed belts. Set 3
g equal to 1 {f nn mixed belts. =
: 15 1-5 MMR(I) | Blark-N | Number of consecutive rounds using 1
] this conditional kill probab*lity. 3
i : If left blank the propram sets 3
s ' UMR(T) equal to M. 3
1 ! 6-15 CPI(TY Starting value for the conditional
i : k111 probability - 4f CP! 45 left E
3 : blank, CP1(I) is used for all rounds. 3
E 16-25 | cmien) Fnd value for the condittonal ki1l E
: probatility. If an end value 1is used, 3
the program does a linear interpolation =
between CPl and CPM baced on time. 3
: NOTE: Repeat card 15 NTYPE times.
1-2 D(12) 12 Address = 12 p
3
3-10 L Target length feet =
deciral 3
1-2 £(13) 13 Address = 13 %
3-10 W Target width feet §
%
3
g
3
3
-
17 :
E
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TABLE 1. DESCRIPTION OF THE SET-UP FOR A REGULAR COMPAUTER RUN (CONTINUED)
Card Calurns Variable Lirmdts Descriptic:. Units
13 1-2 p(14) 1. AXlress = 14

3-10 F 200~ Maximum number of Mente Carlo iter-
atinns.
12 1-? D(15) 15 Address = 15
310 11 Humber of dummy passes ithrouph random decirai
number generator,
20 1-2 20, Address = 16
3-10 i <« Tncrement in burst lensth,
WOTZ: T™is centrols the number of lines that will be printe:d; i.e., 1
will ~au-e %he rrinter to write out a data line for each round
in the burst.
71 1-2 D17) 17 Address = 17
3-10 E Desired maximum value of the standard
deviation of the mean.
22 1-2 D(18) 18 Address = 18
3-10 PIAM obability of the sun famming.
<3 1-2 ™13) 19 A_xess = 13
3-10 QLS Number of qun svsteme 1o b= analyzed.
NOTE:  The orosram computes a final probability of kill based on the
total number of gun systems.
24 1-2 1(29) 20 Address = 20
3-16 Jiv c,1 0 = indicates that vou have input some decimal
correlation value in cards 4 and $
other than zero and om't cards 25, 26
and 27.
1 = indicates you have a zero in cards
4 and 5 and plan to input a time-to-rate
tabie for a Gatiing smmn by completing
cards 25, 26 and 27,
26 1-5 NOT 0 Nurber of pairs of entries for the time-
- to-rate table for a Gatlins sfun.
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- TABLE 1.

DESCRIPTION OF THE SET-UP FOR A REGULAR COMPUTER RUN (CONCLUDED)

._.‘..‘..:.‘v‘*mw - el

it

il

=
£
L
£
£
I
E
1
£
H

|
|

vard Colums Variable Limits Description Units
i 26 1-8 RD(1) dumber of rounds fired at TIME (1) 3
i 9-16 R{(2) Number of rounds fired at TRME (2) g
. S i
. . . (§
3 cards | RD(NOT) Nurber of rounds fired at TIME (NOT) ;
NOTE: If JIM = 1 you can hawe 1S cards £3, typical for card 27 also. }
27 1-5 TIME(1) Time to fire RD(1) rounds B
6-10 TIME(2) Time to fire RD(2) rounds ‘;
. . . ;é
3 cards | TIMEQNOT) Time to fire RD(NOT) rounds ;
28 BLANK CARD AT END OF EACH DATA SEY i
NOTE: For multiple cases, include the title (card 4) and any 3
parameters that may change from card b to 28. Cases z
are unlimited, If tie time to rate ta:le (cards 25, 4
2, 27) is changed, tue conditional kill probability 3
{cards :4%, 15) must also Je repested. 4
4
[
i?
o
i3
iy
5
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_.TABLE 3. HREPRNT LISTING CF INFUT DATA FOR A REGULAR COMPUTER RUN .
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SECTION VI

GENERATE THE INPUT RUN

SAMPLE PROBLEM

The sample for Generate the Input Run uses the same data as the
Regular Computer Run in order to demonstrate the flexibility, time
savings and less chance for errors that can be realized through the use

of this technique (see sample problem in Section V for details of problem).

There are five parameters that change more frequently than the other
inputs. They are listed in Figure 5 wlth thelr hierarchy. Table 5
describes how to set the Job up. Table 6 1is a sample coding for the
problem. Table 7 is a REPRNT listing (a computer system routine) of the
input data. Table 8 contains a list of the data generated’from the input
from Table 7. The final output listing is given in Pdble 9 with most of
the input values included. After the columar g4fles each round is
analyzed for the entire burst. This outpyt-#% the same as the Regular
Computer Run. Also when the slant ranges goes negative the computation
stops and prints out a message that-the aircraft flew into the target.
Plgure 6 1s the filmplot output-Tor the first six slant range values with
thelr respective probabillty of kill values plotted.

e
The time requfred for any glven computer run can be calculated by the
equation gescribed in Section IV. .
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Figure 5. Flow Chart for Generate the Input Run

0 6,I=1,IATM

DO 6 ,J=1,IBALE

3 ‘
DO 6 ,K=1,IVEL

D0 6,L1s yremw

5
DO 6,M=1,NSLT(6)

1

CONTINUE
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TABLE S.

DESCRIPTION OF THE

SET-UF FOR A GENERATE THE INPUT RUN -

Ll

i

Ir 3 valw {or the correlation coefficlient is compuled In the rrogram for
coack round, tRic parareter shoglid be cet to zere 1T ITA = 1

aor.
on

curd 12.

Tant Tolrmns /ariable Limits Description Units
1 1 e 2,1,2 0 = No plots.
1 = Plot opticn has been turmed on,
2 = Stand alone plot.
a T a1 5 = Begular computer run.
. 1 = ata w1lll be ppnerated
: 15, [ 0 = Do net execule the gerwrated input E
duta. Tnis s used fer checking
wtay; befora excening it
o= oeveoate the generates input data.
4.5 A 1-n petor of burst lenmhs te Lo pletted,
T whion buret ensth cheedd be plotted, [secs
decimal
69-75 P15 TOE TS, :
2 1-2 e K Arers 2 1,
3= A 20,51 Torevlatlor, ceelfelent 1o ranoe
betwaen eonsecut ive alrpaints,
o 17 3 ‘mlw T2 the cormrelacion eocfficient 1o caomuteld In the prograrm for
=72h oround, “Liz parameter should be oot to e 17 T = G oon card 12,
H -2 (0 2 Adiress = 0
3=~13 B 27, S1 Cormelation coeffliclent I 3~Mlection
betwion consecutive alrpoints.,
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TABLE 5. DESCRIPTION OF THE SET-UP FOR A GENERATE THE INPUT RUN (CONTINUED) ST
Card Colums | Variable | Limite Description Units z
4 1-2 (8) 8 Address = 8. o
3-10 R Piri g rate of gun in rounds per minute. ;:-
5 1-2 D(10) 10 Address = 10.
3-10 N Nurber of rounds fired cn a sinzle pass decimal
per gun. !
6 1-2 D(14) 1k Address = L4, ,Ei
3-10 P 200~ Maximum nurber of Monte Carlo iteratlons. ,
7 1-2 D(15) 15 Address = 15, i
310 11 Number of dummy passes through random decimal
nuwrber generator.

8 1-2 D(16) 16 Address = 16. -

3-10 DN Ly Inererent in burst length,

NOTE: This controls the number of lines that will be printed, 1.e., 1 will

10

11

cause the printer to write out a data line for each round in the

burst.
1-2 D(17)
3-10 E
12 D(18)
310 PIAM
1-2 D(13)
3-10 GI3

17

18

19

Address = 17.

LCeaired mariragn value of the standard
deviation of the mean.

Address = 10.
Prchability of the gun jamding.
Address = 19.

Humher of gun systems to be analyzed,

NOTE: The program computes a final probabllity of kill based cn the total
nurber of gun systers.
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¢ e TABLE 5. DESCRIPTION OF THE SET-UP FOR A GENERATE THE INPUT RUN (CONTINUED)
i
E Carag Colums | Variable | Limits Deccriptlon Units
P
L 3 12 1-2 D(20) 20 Addrecs = 20
E 310 J 0,] 0 indicates that you have input come
g correlation value in cards 2 and 3
: other than zero and omit cards 13, 14,
' and 19,
i : 1 indicates you have & zern In carde
. 2 and 3 for the correlation valu-s and
E 1 plan to input a timpsto-rate table for E
r ’ a Gatling gun by completing cudz 13, .-
: i 14, wnd 15, E
. i 13 1<% N Ly Haber of pulrs of sntrics for the E
{E time=to~rate table for 1 Gatling «vm. g
4 14 1-8 () arbier of oW fired at TR (1) 1
i 9=16 RD(2Y Swrber OF rounds fMned at TG (D) 4
g N j
£ , ]
; : ; . 1
& ? coards | RD(NCT) Hurber of roundts fimd at TIME (MU0 E
i . ETTF:  You can have Trom 1 to 3 cards for g marimin of 30 entries. E
N i 15 1-5 TIMR(Y) T Lo fire K1) rounds E
H G=10 TINID) Tiee Lo ol RO(T) rogd: E
i . . . 3
£ . . 3
3 . .
E 3 cards | TIM-(MOT) Time to Mre RD(NUT) rowsic z
‘ i 15 Blan: card
t -3
H 17 ¥n2 of record card
£ ; .
£ 5
4 i 13 1.2 TAIM 1,0.% Humber of nets ¢f alming ¢rmrs 2
S i 6-10 CIGAL Rezinning value for the first gtandard mile o
% ! (AFHR Y1 devintion of tie atm ertor in ranpe F
i ! 11-1° HORVERD] 71 vela for stapdard deviation aim mils o 3
L crropr 10 range
! ST If o end valae 1 wed, thye begimning value will be uned for the -
! : ertire purat lenmh, If an ent valie $s uned, the provran will :
d2 a4 “reor Uneryaiation Letween Vv beginning and end valwe fop 5
Ve ade 1000 Lacss o the ol s ogdrerafy, E

TR T

1 a1t il

m
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TABLE %. DESCRIPTINN OF THE SET-UF FOR A GENERATE THE INPUT RUH (CONTINUED)
CARD ONUMIS ‘JARTARLE, Loans ¥ SCRTUTION W{TTS
16-20 SIGA feginning value for ths firat standard mils o
(BETAI(1) deviatien ¢f tha air error in deflec-
tien,
21-28% SGD() ™nd value for standard deviation aim mils o
ervor in deflection, (See SGRI(1) Note)
26-% SIGMA Berinnine value for the seomnd standard
CALPHA) (2) deviation of the aim crror in renee
31-3% 55R1(2) Ind value for +he seccnd -tandard
ceviation aim error (n renge. (See
fo S'FI(1) llote)
36-40 ST DBepinnine value for the secorv! standard
(BLTA)(2) deviation alm error in deflection.
G1ak$ SAM(2) nd value for the seoond standard
deviation aim artor in deflection,
(326 SGR1(1) Note)
46-50 SIRA Beginnirie value fap the third staviard
daviation aim er-or in rence
51-¢9 SGRL(3) Ind value for the third standaru
deviation aim error {n rencs.
(See SUKI(1) Note)
§6-60 SIMA Reginnjng value for the third standerd
(BETAND) deviation aim exrror {n deflection.
61-65 56D1(3) find value for the third standant
deviation aim orror in deflection,
(See SARL(1) Note)
19 1-2 1BALY 1-6 Nurber of sets of ballistic errurs
€-10 SALL(Y) Firet ballistic error ytandard deviation | mils ¢
in renm
11-1% BALFE(2) Firat ballistic error standard deviation | mile o
in doflaction. Repsst the above stop
and this step for a maxdmun of 6 sets.
20 1-2 WL 1-12 Number of aireraft velocities following
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TABLE 5,

DESCRIPTION OF THE SET-''® FOR A GENERATE THE INPUT RUN (CONTINUED)

Card Colums | Variable Limite Description Units
6-10 VEL(Y) First aircraft wvelocity / 1 not:z
<’1;65 VEI..(12) Twelfth aircraft velocity L ants
5 -
b3 1-2 TTSTL 1-12 Yumber of Aifferent targe'. leagihe '
following ’ - ’
6-10 TCTL(1) Pirst target length in range ' ) gt
6165 | mom-12) Twel{th target lengh in range St teet
22 1-2 ITCTV 1-12 Nutber of targwt -ldthas follow!rng o
615 MABIOY Plpst tamwet width i deficct) oo feet
. . ¢ lecira.
G145 | IO () TWeifth target width in deflection feet
23 -2 JLASHS 2-6 harber of conditicnal il cards tn decimal
this set - must cqual HSLT(1), Za
24
NOTE:  This value 15 used on the fMrst card of each set Af conditfonal
¥i11 rutio tables, i.e., whan card 23 18 repeated second through
the sixth time thic parameter ic omltted. See snample sct up.
610 NIYFE(LY  p,2,3 1,2, or ¥ Jiffen-nt arme types analyzed decimal
in purst
11-1¢ FMR(1) Hurber of ~onsecutive: ruinds using the decimal
first conditional ki1l ratic

WAE: I MIMR(1) = O the prograr sets MUMR(1) equal to ! if NUYPE(1l) = 1,
This card typ= 18 the same as card 1U in the RESULAR COMPUTER run

BCL=\[:.
14«20 Ceiils Value of the conditional kill ratio at
the Leginning of the burst
21-2% cPif1) Value of the conditional kiil ratio at

the end of the bumt. The program dnes a
llnear interpolation between the beglin-
ning an end values., If no end condl-
tional ki1l value 18 irrut, the hegin-
ning vaiue will be used NMMR(1) timea.
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TARLYL L Denenthion oF N4 SET-UP TOR A GINERAIL THE 13PUT PUN (CONCLJLED)
Card Colums Variable | Limits Description Units ’;
%-30 NUMR(2) Nurber of consecutive rounds using the decimil
sesond conditloral kill ratlo. This E
opticn will be used in MNTYPE(1) is 2 3
or 3,
31-3% CP1(2) Beglnning value for second conditionel
kill ratic in the mixed round ammo belt.
3640 CPN(2) End value for the secand conditional ki1l b
ratio in the mixed romd anme belt. When
the end value i3 input, the program does
a linear interpolstion between the begln—
ning and end values. If no end condi-
tional kill value is input the begiming
value will be used NUMR(2) times.
b1~k NMR(3) Nurber of concocutive rounds using the decimal -
thira conditi.aal K111 ratio. This .
option will be used if NTYPE(1) 1s equal
to 2.
U6-50 CP1(3) Beginning value for the third condi- .
tional K1ll ratic in the mixed round -
ammo belt. I
51-55 CPM(3) End value for the third conditional ki1l =
ratio in the mixed round ammo belt. When i
the end value is input, the program does -
a linear interpolation between the begin- :
ning and «xd values.
NOTE: Repeat Card 23 NSLT(1) times for each alditicnal set of condittorial
kill tables (Sets range from 2 to 24U). A get is = NSLT(1l) or
I¥ILL. No. of sets required = JATMPIBALE®TVEI FITGTL.
24 1-5 1SRG 1 Nurber of unique s'ant range tables; see
sample set up. .
6-10 NSLT(1) 2-6 Number of slant ranges on this card.
NOTE: NSLT(1) should equal IKILL.
11-20 SLRNG(1) Mrst slant range . feet
61-70 SLRNG (IKILL) slant range ‘ feet
(IKILL)
2 1-60 TITLE(1) Hollerith information
61-70 it this parameter on GENERATE~THE-
INPUT data set~up. .
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TABLIE 7.

REPRNT LISTING OF INPUT DATA FOR THE GENERATE THE INPUT RUN
BT MA°A cccccces
8:43 Na. b 1) 2r 3¢ [l 53 1] 14Y
3 1tx [ .5 1. 1.¢ 2+
2.0
. § gl
3 1y “i3kad
[ 1w 5(%.9
7 15 10.8
§ 18 .00
i 18 2.001
11 19 1,9
l% 21 | 1.9
}b Ge® At €14} 10,0
1% N, CalB .0 £.°
16
THZ FULLUWING I® & LIST OF FARAPETCOS USED TO GENFRATI 172
JAIM SYANDAR(C OFVIATIUN DF AIMING S RF0P TAQLE
1 weZe =0 00 &iT0=30)u"2eNC0s00=Cel0=0,00=04C0=0,CI=Ce00-3,30
IBALE STANCAR) UfVIAT 04 OF TRE 2ALLJISTIC ZRROR TABLE
1 1.39 1.3¢=L,0C" 4 2312020 =0,00~ 3 00=0¢30C=J)eC)=Cy 2L ,400=0,00
IveL AIRCIAFY SEEED TARLC
[ 180, 259, 50, &5).,
ITSTL TARGETY LENGTHM TARLE
1 11,74
ITGTW TARGEY WIOTH TABLE
1 1176
IKILL FONDX‘IONAL KILL TAGLE
0 o ef12 (01620000 (G20 «0244.J20 +7C6 010
!.g :.§ .g%% .'i52.1§g .&12 -6531.5)% «605 .019
O . . 0 0 [9 .
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AMPLE *

NFsATZ THE TMPUT PUN
AODITIINAL I/f GEMNERQATE(L wlTW PREVIUUS TABLES PEING
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TABLE 8. LISTING OF GENERATED DATA

GiINEOATFO Js0

L
sgr?\F ® AFNEEATI THE INPUT RLN *

i oy
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[ T4 -l
g 1.59
8 3a
£
[ ]
13 12R043
i, LI L ris
H sdf :gi.
1 b «0L3
13 Hes
1w 5&6:!3
15 1f.8d
6 1200
i :8858
13 f.be
a | fado
6406 54,01 121,00
1038000 11380007
AmP s GENTRATI THE INPUT PUN ©
7 zcig?u3‘ € INPY
LY ‘ « 01 o;é
{ 5] In:§
SIMELE  GENERATS THE INPUT RUN ¢
It g.*}
11 .c
R R
1 1N 83
FAMPLE o CENERATE THE INPUT RUN
MO
': * oﬁgz L) !
i Hix {1
AMPLE ¢ GENEPATE THE INFUT RUN o
Rk 11
v ' 1k .
: i3 Tt
, 1 L2 2036
gana £ ¢ GFNEPATZ THE INPUT KUN *®
1 %0%:80
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$ eit (93
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AMp s GENEQATE THE INPUT RUN
7 se3thes’ INPUT R
9 250400
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. ’:1 L 012
13 ";
AMP ® CENERATE THE INPUT RUN *
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INPUT

InPUT

INFUT

INPUT
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RUN
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TABLE 8. LISTING OF GENERATED DATA (CONCLUDED)
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v SECTION VII
STAND ALONE PLOT P
There may be times when the probab?lity of kill values are known A
but no plots were made. This section becomes a back-up plot option when -

this occurs. The Py's can be keypunched and plotted with a minimum

corputer and tum around times. Without this option the analyst would

have to resubmit the computer run with the plot option turned on or plot

the PK's by hand. Table 10 describes the set-up and Table 11 1s a -

sample get-up. Figure 7 is the filmpliot output for the stand alone plot.
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TABLI. 10.

DEGCRIPTION OF

THY. SET-UP FOR A STANU ALONE FLOT

card | Colums Verable | Limite Yescription Unity
1 1 IPWOT 2 2 = Stand alone plot
2 1-5 TCOE Description oi the target
6-10 weoue Dascription of the weapan
1}-20 RIS Number of rounds fired in ore second
21-20 c Alrcraf t speed knots
3140 R Steady stats firing rete of g ™ds
,m_r-
41.-50 DIVE Alrcraft d & agie degrees
51«60 BURSTL Burst len pecs
61«70 RNDSTL Total rounas fired
3 1-10 SIGR Standard deviation of aim error in mils
rangs
11«20 SIGD Standard deviation of aim ervor in mils
defleotion
21-30 BETAR Standard deviatisn of ballistic mdls
erTer in rengs .
N-40 BETAD Stawad deviatian of hallistic error mils
in deflection
4 1-10 CPx(1) Probubility of target kill for 1000
ft slant rangs
1..20 () Prabability of target kill for 2000
£t alent range
21-30 CPK(3) Probabllity of target kill for 3000
ft slent vange
31-40 CPK(4) Probability of target kill for 4000
ft slant range
ul=50 CPK(S) Probability of target kill for 5000
ft slent rengs
5160 CPK(5) Probability of target kili for $000
£t slant renga
81«70 PTITIE label for this curve on greph
NOTE: Repsat card U for dditinal curves on see graph,
5 Blank card

NOTE: A blank card follows the
gwhs 1epeat card 7 thry

148t curve card on graph - for additional
Y. The number of plots are unlimited,
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‘ S APPENDIX A

FORTRAN VARIABLE LIST

This appendix contalns a list of input, output, and intermediat B
> e i
FORTRAN variables used in the mathematical computation overlay 1,0. - Y

sl e s it il it
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Variable

Description

~ A,D(L)

AL"HA

AM

A

B,D(2) ,PD()
BB, TEMP

BBC

BCTAD,D(6)

BETAR,D(S)

BURSTL
C,D(9)
CPK(T)

COLNT, 12

(62.6X8Y)
PK2(I)
CPK3(I)

P1(I)

CPN(T)
C

DELTA

Correlatior. coefficient in renge - input variable.

An intermediate variable used to check to see if the time-~
to-rate table is correct.

A randem narmal number used to determine the aim point
in range.

Intermediate aim ervor value in range.

Intermediate aim error value in deflecticn.
Correlation coefficicnt in deflection ~ input variable.
Intenrediate aim error value in range.

Intermediate aim eryor value in deflectiocn,

Standard deviation of ballistic error in deflection -
input variable.

Standard deviation of ballistic error in rangs - input
variable. )

Burst length input variable far plot anly opticn,

Input and output variable for the aircraft speed in knots.

Conditional kill probability, or probability that a hit
k1lls - output variable.

The number of times the program goes through the Monte
Carlo loop.

1st candirional kill value using a mixed ammo belt.
2nd conditional kill value using a mixed ammo belt.
3rd conditional kill value using a mixed anmo belt.

Starting conditional kill value at the beginning of firing
rn.

End oonditional kill value at the end of firing run.
Aim point of the first vound in deflectian,

Random normal number used to check the ballistic error
in range.
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FORTRAN
Variable

DIVE

I ,D(16)
Q

or
DUMMY

E,D(17)

EPS

F,D(14)

FF(I)

I "(12)
FLN2 ,FLR2(T)
FLR2(I)=TEMF
FN,D(10)

GAMMA

GUNN
GINS,D(19)
IATM

11

12,0

ION,IN

Description

Dive angle (for informatien only), input, and output
variable.

Output print increment in burst length - input variable.

An intermediate value used to calculate time into burst
for each round.

Time increment between rounds in a burst.

Acts as a return variable t¢ mix the randam number generator
.- not used in computation.

Maximm allowable erxoy for standard deviation of the mean-

input variable.

Random normal number used to check the ballistic error
in deflection.

Maximm number of Monte Carlo iterations ~ input and output

variable.

Output probability of kill for each round (aN).
Target length in feet-input and output variable.
Half of target langth in mils,

Half of target length in mils,

Attempted number of rounds fired on a single pass - input

variable.

Random normal number used to determine the aimpeint ir
deflaction.

Intermediate variable used tO increment gun systems.
Nurber of gun systems considered - input variable,
Number of sets of aiming errors - input variable,
Initial value of the index for the Monte Carlo loop.

Test value of the index for the Monte Carlo loop (3200).
Each 1iteration represents one pass at the target.

Intermediate variable for burst length increment.
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FORTRAN
Variable Description
JSTR,JSTP The initial and index values for the DO locp that deals
with the 3 belt mix, or 3 conditional kill values for
1 pass.
K A integer value calculated for each ramnd in the burst.
KN Integer value of rounds per pass per gun - output vard.able.
L Integer value of the address an the input cards. '
LINE Integer value used to determine the number of lines to
be printed on a page.
1S Integer used in an intermediate calculation of the condi-
tional kill probabllities of a mixed belt set up. 1
LST,INC Intermediate integer used with a mixed belt conditicnal
kill probability set up. {
N Attempted number of rounds fired on a single pass. ;
NCASES Number of cases to be plotted. E
NEMP,D(15) Nurber of empty passes through random number generator - i
imput and output varlable.
NKILLS Number of kills or successful passes.
NOT Number of paire of entries in the time-to-rate table. 5
NSIANT The number of slant ranges to be plotted on ane graph.
NTS Number of burst lengths to be plotted. ]
NTYPE The rumber of types of mixed belts. {'
NUMR(I) The nurber of omsecutive raunds using this conditienal 3
kill probability. 1
P,IX11) Input conditional kill prebability
PD(I) Correlation coefficient array in deflection.
PJAM,D(18) Probability that the gzun jams - input variable.
PX Probability of taxget kill - output variable.
PIKPLOT(I) M intermsdiate value used to plot the PK's.
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FORTRAN
Variable Description

PM2 " The end parameter on the input data card if it has one.

PRMTR The parameter after the address on each input data card.

Pp A random nurber used to test against the conditional kill
value to see if the target was killed.

PR(I) Correlation coefficient array in range.

PTITLE Title for the plots for the plot only optian in the
program.

Q The updated value far the index of the Monte Carlo loop.

R,D(8) Steady state firing rate per gun in rounds per min - input
and ocutput variable.

RC Aim point of the first round in range.

RD(I),RPS Rounds per second for stand alone plot.

RNSTL Total rounds fired - used on plot only option - input and
output variable.

RPS Rounds fired in one second - input and output variable
for plot option.

RPSL(J),IR The round nurber array for plotting.

S,D(7) Slant renge - input and output

SDPK Output variable for the standard deviation of the mean -
used tc test accuracy of probability of kill.

SED1 End input value fer the standard deviation aim error in
defle~tion.

SGR1 End input value for the standard deviation aim error in
range,

SIG, DY) Standard deviation of aim error in deflectlon -
input and output variable.

SIGDI(I) An intermediate array variable for the standard deviation
aim error in deflectian.

SIGR,D(3I) Standard deviation of aim error in range - input ad output

SIGRI(I) A intermediate array variable for the standard deviaticn

aim error in range.
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FORTRAN

Variable Deseription

SLR(I) Outpuf array variable for slant range at the time each
round is fired.

T(1) Intermediate time array variable.

TCODE Target code for the plot option only - input and output
Var'iabIE.

TD(I) Delta time array between rounds.

™2 TD{I) squared - this variable is used to find the range
and deflection correlation ccefficients.

TEMF Intermediate variable which cowverts 1/2 the target
length to mils,

TEMA Intermediate variable which converts 1/2 the target
width to mils,

TEST & intermediate variable used in the look-up table.

TIME(I) Time value array for the time-to-rate table.

TITLE Description of the output in 60 characters or less.

TPLOT &n array that contains the burst lengths to be plotted.

v The variable where knets are converted to feet per
seoond.

VR An intermediate variable that determines the distance
plane traveled between rounds fired.

W,D(13) Target width in feet - input and output variable.

WCOTE Weapon code used as &n input - output variable in the
stand alane plot.

WN2 ,WR2(I) Half of target width in mils.

X Probability that the gur Jjams.

X Random number used .> test against X to see if the gun

jeormed,
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APPENDIX
FLOW CHART FOR OVERLAY 1,0
This appendix contalns the flow chart for the mathematical computa-
tion section of the gun simulation program.
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< OVERLAY 1,0>

PROGRAM RUN

DIMENSION D(20), TITLE(6), TPLOT(10), PKPLOT(10),
RPS1(10)

COMMON JJ(1000), FF(1000), SLR(1000), FLR2(1000),
WR2(1000), CPK(1000), TIME(30), RD(30), TD(1000),
PR(1000), PD(1000), T(1000), SIGR1(1G00),
SIGD1(1000), CPK1(1000), CPK2(1000), CPK3(1000),
CP1(3), CPN(3), NUMR(3)

COMMON/ENDDT/1EOF, ITEST, 1GO, JIM, IPLOT, IOPT,
NTS, TPLOT

EQUIVALENCE(D(1),A), (D(2),B), (D(3),SIGR),

(b(4) .SIGD), (D(5),BETAR), (D(6),BETAD),
(p(7),s), (D(8),R), (D(9),C), (D(10),FN)
(p(11),P), (p(12),FL), (D(13),W), (P(14),F),
(p(16),DN), (D(17),E), (D(18),PJAM), (D(19),GUNS)

EXTERNAL TABL1V

DATA TARGL/SHTL /.

CALL PLTIDV

ASSIGN 400
TO IEOF

CALL

GO TO
(600,8) ITES
REPRNT

Figure 8. Flow Chart of Overlay 1,0
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i
i
OVERLAY 1,0]
PROGRAM RUN
1
DIMENSION D(20), TITLE(6), TPLOT(10), PKPLOT(10),
RPS1(10)
_ COMMON JJ(1000), FF(1000), SLR(1000), FLR2(1000),
F WR2(1000), CPK(1000), TIME(30), RD(30), TD(1000),
: PR(1000), PD(1000), T(1000), SIGR1(1000), %
: SIGD1(1000), CPK1(1000), CPK2(1000), CPK3(1000), 3
CP1(3), CPN(3), NUMR(3) ]
COMMON/ENDDT/1EOF, ITEST, 1GO, JIM, IPLOT, IOPT, i
‘ NTS, TPLOT :
EQUIVALENCE(D(1),A), (D(2),B), (D(3),SIGR), i
(D(4) .SIGD), (D(5),BETAR), (D(6),BETAD), i
(p(7),8), (D(8),R), (D(9),C), (D(30),FN) 1
1 (D(16),DN), (D(17),E), (D(18),PJAM), (D(19),GUNS) %
] EXTERNAL TABL1V 3
4 DATA TARGU/SHTU /. ;
| I
: CALL PLTIDV
;
ASSIGN 400 o GO 10 3
-Q".-O B (600 ,8) ITES CALL 1
TO 1EOF . REPRNT i

R RC Y. [ G

e it

Figure 8. Flow Chart of Overlay 1,0
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B it

'
1
i
H
{
1
¢
i

ASSIGN 400
T0 TEOF
| ]
JIMm0
: 1
5 {00 1 : 1,10 )
{
5 TPLOT(1)=Q.
—
PKPLOT {1)=0
THIS OPTION ﬂ/‘>
DOES A STAND
ALONE PLOT READ IPLOT,
WHICH STARTS I0PT, 1G0, NTS
AT 1000 (TPIOT(D), 1=

NTS)

CALL EXIT

IF

1opn.eR.1 &
IPLOT.GT.1

NCASES=0

WRITE "INPUT

3 CANNOT BE

GENERATED UNLESS
PLOT = 1 or Q"

CALL EXIT

Flow Chart of Overlay 1,0 (Continucd)
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IF
Y IOPT.NE.1

NO

ITEST = 2

|

CONTINUE

GO TO 20
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Yowrr

GO TO 7

D(L) = PRMTR

NTYPE=PRMTR

]

—"(110 1=1, NTYPE—)
|

READ NUMR (1),
CP1(1),CPN(1)

CALL EXIT

Flgure 8. Flow Chart of Overlay 1,0 (Continued)
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SGR1=PM2

SGD1=PM2

| ' : ‘ i i
o T I T A R
o e e e b i b i s e v B

GO TO 5
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o

II=D(15)

T
—=( DO I-1, II )

T

CALL RANG(DUMMY, DUMMY)

Vel.688*C
]
VR=60.0*V/ (S*R)
|
N=FN/TN

|

—-O-(Do I=1, Nv
1

Flgure 8.

NKILLS=0

1

JJJ=FN

Flow Chart of Overlay 1,0 {Centinued)
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AT T Ty - hra e ARER o Sim o ae m e cae mms oo F e LT

NUMR(1)=JJJ

S (LT O AT TN Y wmmw@wwm TR

T(1)=0.0
1
& FF(1)=0.0
|
SLR(1)=0.0
]
! CPK1(1)=0.0
1
CPK2(1)=0.0

1

CPK3(1)=0.0 .

B

sim ——

ORURERCTAL W YOI

S e R T TR SR T T LRl A

@—-G)o J=1, NTYPE)

Lo bt

b, T W

Figure 8. Flow Chart of Overlay 1,0 (Continued)
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IF

< CPN(J) .GT.O. GO TO Ug93

CPK1(I)=CP1(J)

CPK2(I)=CP1{J)

CPK3(1)=CP1(J)

Figure 8. Flow Chart of Overlay 1,0 (Continued)
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GO TO 490

D

JSTR =1

1

IST = 2

DO Iv-3 NO)

JSTR=JSTP

IST=IST+1

]
BBB=CP1(J )+ (CPN(J) -
CP1(J)) * (TIMECIST -1)/
TIME (NOT))

BBR=TEMP

Figure 8. Flow Chart of Overlay 1,0 (Con tnued)
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o R R S I U i

N . .

| | AMe (TIME(TST)~TIME(IST-1))

| *(CEN(J)-CP1(J) )/((RD(1ST)
Lo ~RD(IST-1) )*TPLOT(NTS))

|
JSTP=RD(IST)

]
@-—(30 I=JSTR, JSTP )

LTEMP"AM' (I-JSTR)+BBB

. I " ov ! " M [ " ‘ 5 "
e i o s e g oL o e e s b s

. 1 e o

o

a1

CPK1(I)=TEMP
CPK2(1)=TEMP

| CPX3 (1)=TEMP
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INC=NUMR (1)
1

LST=INC

G

@ @ | INC=00J

-
"'—.'(DO 1=1N, INC) §

L
CPK(1)=CPK1 (1)

éI; ‘

Mgure 8. Flow Chart of Overlay 1,0 (Continued)

P I T T Ry s T

i

I Dl o Ll R L

,..,..‘

et ot ol o e o) WAL e

o Al e el b

76

i
W}




Flgure 8,

IST=INC+NUMR(2)

T

IS=INC+1

]

LST = IST

GO TO 501

GO TO 500

IST23JJ

Flow Chart of Overlay 1,0 (Continued)
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iz
B
3
CPK(1)=CPK2 (I)
GO TC 501
1 GO TC 500
[.ST=1ST+NUMR ( 3)
1.8=18T+1
Flpare 8. Flow hart ¢ Overlay 1,0 (Cont dued)
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T mMﬂl’

ety P

'——"'F'Go I=LS, LST )
|

CPK(I)=CPK3(I)

INC=LST+NUMR(1)
|
IN=LST+1

1f
IN<JJI

NO

501

YES

G0 TO 495

Figure 8. Flow Chart of Overlay 1,0 {Continued)
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<00 11, w1 D
1

STGR1(I)=SIGR

AM= (SGR1-SICGR}/ (JJJ~1)

]

BBB= SGR1 -AMEJJJ

1
= 0o 11, 333 D
]

SIGR1(I)=AM*T+BBB

_’Qo Ial, JJJ }
1

SIGDI(1)=SIGD

AM1=(SGD1-S1GD)/ (JJJI-1)

i

rBBC=SGDl =AM1*JJJ

]
‘_"<DO I=1, JJJ >
1

SIGD1 (1)=AM1*1+BRC

Flgur- 8. Tlow Chart of Overlay 1,0 (Continueg)
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CONTINUE
1
TEMF=500.0*FL/S
]
TEMW=500.0*W/S
GO TO 15
Ei
4><oo 1=1, JJJ )
1
60 J=1, NOT
q
Al = 1
DT= (TIME (J) - WRITE TIME
TIME(J-1))/ (RD(J) _@ VS ROUND
-RD(J-1)) NUMBER TABL
IS WRONG :
L
DQe=TIME (J) -DT*RD(J) m 3
1
E
T(I)=DTHI+DQ !
T(1)=TIME(.) i
33
/ i
l 5
3
E
1
Figure 8. Flow Chart of Overlay 1,0 (Continued) ,
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el LTSN S

TR AR

é

PP RN PR

1
TD(1)=0.0
; ]
r——.—(oo 1=2, JJJ ) 4
i 1 :
4 TO(I)=T(1)-T(I-1) :
; ,3
3 -
]
PR(1)=0.0 &
'
PD{1)=0.0 '3
I 3
: TD2<TD (1) *TD(1) .
: PR(I)=FXP(-1.5*TD(1)) 3
-3.0*TD2 3
PD(1)=EXP(-.25*TD(I) =
**,4)-5.35+TD2 3
! ;
g
- :
{00 1=1, JJJ
,; SLR(I)=5-T(1)*C*1.688 ;
i Flgure 8. Flow Chart of Overlay 1,0 (Continued)
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LI ST

‘

1

i
-4
=
-4
]

FLR2(1)=500.0 o
| *FL/SLR(I) ;
1

WR2(1)=500.0 &
@ *W/SLR(1) ‘

FLR2 (1 )=TEMF
WR2(1)=TEMW

CONTINUE

|

=1 |

12;20g4J

O~

1

GUNN=0.0 _
1 ' E

CALL RANG (ALPHA, GAMMA) |

L
RC=SIGR1(1)*ALPHA
DC=SIGD1 (1) *GAMMA

Figure 8. Flow Chart of Overlay 1,9 (Continued)
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ki |

TR

T T T

i e i~

e

VN TNNTAA . A1 st e ke ¢ i cn < o %

Qo J=1, 3 )

IF
- JIM=0

NO

A=PR(J)
B=PN(J)
WN2=WR2(J)
FLN2=FLR2(J)

YES

IF
(VR)

WN2=WR2(J)/(1.0-
FLOAT(J-1)*VR)

FIN2=FLR2(J )/(1.0
~FLOAT(J-1)*VR)

it v

WN2=WR2 ()

1

FLN2=FLR2 (J}

ABS (RC) -
FLN2-3.0*
BETAR

GO TO 140

Figure 8. Flow Chart of Overlay 1,0 (Continued)
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GO TO 140

CALL RANG (DELTA, EPS) 1

60 TO 140 !

o

[N
A sl bl 1

CONTINUE

IF
(ABS(DC+ =
EPS#BETAD)- 0,+ GO TO 140
WN2)

el

-
P
i o

-y o

PP=RANF (PP)

Pigure 8. Flow Crart of Overlay 1,0 (Continued)
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r - NN S Sl B Sl S Sl i
| é X
S
5 .
% ’ JAB=J
._ X=1.-(1.-PJAM)**JAB
]
XX=RANF (XX)
[ NKILLS=NKILLS +1 :
y ( K=FLOAT (JAB)/DN+.9999
1 :
{ JJ (K)=3J (K)+1
: : :
, GO TO 170 GUNN=GUNN+1 .
Y
. Figure 8. Flow Chart of Overlay 1,0 (Contlnued)




CALL RANG
(ALPHA , GAMMA)

1
RC=A*RC+SIGR1(J]
*SQRT(1.0-A*A)
*ALPHA

|

DC=B*DC+SIGD1(J)
*SQRT(1.0-B*B)
*GAMMA

PK=FLOAT (NKILLS)/COUNT

JIMlsri AND
SLR(JJJ)<0.0

i e b 8 e [ TP
! . ‘ it ot L o o st o
’ e aulio! iyl petlilo il ol ot e a—

Bl b s
e L ‘

L e b s i e
ey I

Figure 8. Flow Chart of Overlay 1,0 (Continued)
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SDPK=SQRT(PK
_PK*PK) /COUNT)

Q=12+50

]
DO I=2, N
@_( ) GO TO S5

JI(1)=J3(1)+JI(I-1)
]

FF(1)=FLOAT
(JJ(1))/COUNT

Figure 8. Flow Chart of Overlay 1,0 (Continued)
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E © - - -
St
[ 4
FF(1)=1.0
4
FF(1)=FLOAT
(JJ(1))/COUNT
4
WRITE(6,185) E
TITLE(I),I=1,6 -
WRITE (6,186) H
A,SIGR,SGR1, ;é
BETAR, 8,SIGD, ' ¥
SGD1,BETAD ;
[ WRITE (6,190) 2
A, SIGR,BETAR, ;
B,SIGD,BETAD .é
s
i
r ! Figure 8. Flow Chart of Overlay 1,0 (Continued)
g 89
E
F
13
]
% f
[ ' e il
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oA ot o v it 4

Flgee 2.

WRITE (6,187)
SIGR,SGR1,
BETAR,SIGD,
SGD1,BETAD

IF

JIM£0. AND
SGR1<0

WRITE (6-191)
SIGR,BETAR,
SIGD,BETAD

C

|

WRITE (6,205)
R

// WRITE (6,200)

]

\

|

WRITE (6,210)
S
KN=FN l

1

WRITE (6,215)
KN

~—|

Flow Chart of Overlay 1,0 (Continued)
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WRITE (6,222) /
PIAM

1
WRITE (6,225)
[T
]
WRITE (6,230)
W
|
WRITE (6,235)
12

1
NEMP=D(15)

1
WRITE (6,240)
NEMP

L ——— o o

e 0 R i o 3 At

TIGUNS=GUNS+0.5

WRITE (6,251)
TIGUNS

|
WRITE (6,245)

PK

1

WRITE (6,246)
SDPK

Flgwe 8. Flow Chart of Overlay 1,0 (Continued)
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o

i, W

WRITE (6,250)
~CONDITIONAL*

I 11 A ORI 1, 1 1 1 1A% RF A LR W AR Al

Mgare 8.

Flow Chart of Overlay 1,0 {Cocntinued)
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IR=I*IDN

@ WRITE
ﬁ (6,185)

Oz
(6,250)

IF -
WRITE

LINE=78
tes o > (6o

B Tl e BT L B

@ LINE=3

é
£
|
!
i

Figure 8. Flow Chart of Cverlay 1,0 (Continued)
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WRITE (6,270)
IR, CPK(I},
FF(T)

WRITE (6,271)
R, CPK(I),
T(I), PR(I),
PD(I), SLR(I},
FF(1)

i

+ LINE=LINE+]

IRX=IR-1 @

T | j

WRITE (6, 273) j

IRX ]

@ 0 RPS1(J)=1IR ;

A
1 Flmure 8. Flow fhart of Overlay 1,0 (Contlinued) ;
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L e

TR

o o e e

R T L Sy ra—

T —— i -

| T wp———— g e o

T i dat e T,

L o st M ITHAD % 1.1 o it g

IF
TPLOT(J)>T(1) §
PLOT(J)<T(1+1)

J=J+1

GO TO 3

TEST=(T(N) -
T(1))/FLOAT(N)

]
-—-—(Eo I=1, NTS >
1

J=IFIX(TPLOT(I)/TEST)

il e bt uLmM

o P, K

e
il

T | C
CALL LOOKUP
(T,FF,TPLOT(1),
N,PKPLOT(1),J) @ o
1
DRAW GRAPHS
LABEL AXES
WRITE (8)S, PLOT PK CURVE
(PKPLOT(1),
I=1, NTS)
NCASES=NCASES+1 m

Figure 8. Flow Chart of Overlay 1,0 (Concluded)
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' APPENDIX C
P0655 PROGRAM LISTING

Appendix C contains a FORTRAN program listing of the alr-to-ground

: gun similation program complete with three overlays and three subroutines. :
3
|
5 |
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